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Background: Being married has been associated with a lower mortality from ischemic heart disease (IHD) in men,
but there is less evidence of an association for women, and it is unclear whether the associations with being
married are similar for incident and for fatal IHD. We examined the relation between marital status and IHD
incidence and mortality in the Million Women Study.
Methods: A total of 734,626 women (mean age 60 years) without previous heart disease, stroke or cancer, were
followed prospectively for hospital admissions and deaths. Adjusted relative risks (RRs) for IHD were calculated
using Cox regression in women who were married or living with a partner versus women who were not. The role
of 14 socio-economic, lifestyle and other potential confounding factors was investigated.
Results: 81% of women reported being married or living with a partner and they were less likely to live in deprived
areas, to smoke or be physically inactive, but had a higher alcohol intake than women who were not married or
living with a partner. During 8.8 years of follow-up, 30,747 women had a first IHD event (hospital admission or
death) and 2,148 died from IHD. Women who were married or living with a partner had a similar risk of a first IHD
event as women who were not (RR = 0.99, 95% confidence interval (CI) 0.96 to 1.02), but a significantly lower risk of
IHD mortality (RR = 0.72, 95% CI 0.66 to 0.80, P <0.0001). This lower risk of IHD death was evident both in women
with and without a prior IHD hospital admission (respectively: RR = 0.72, 95% CI 0.60 to 0.85, P <0.0001, n = 683; and
0.70, 95% CI 0.62 to 0.78, P <0.0001, n = 1,465). These findings did not vary appreciably between women of different
socio-economic groups or by lifestyle and other factors.
Conclusions: After adjustment for socioeconomic, lifestyle and other factors, women who were married or living
with a partner had a similar risk of developing IHD but a substantially lower IHD mortality compared to women
who were not married or living with a partner.
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Studies conducted over several decades and on different
populations have shown that being married is associated
with a lower risk of all-cause mortality [1-3]. Being mar-
ried has also been associated with a lower risk of ische-
mic heart disease (IHD) mortality in men [4-8], but in
women any reported lower risk of IHD has not been sta-
tistically significant [6,8]. It may be that the presence of
a spouse influences prognosis after the onset of IHD
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2014for symptoms or to comply with a treatment regime
[9,10]. It has also been proposed that being married may
protect against developing disease by encouraging a
healthier lifestyle [11,12] or by providing social sup-
port [13,14] or financial security [11], but the pub-
lished data do not clearly show whether being married
influences the onset of IHD for either men [7,15-17] or
women [16,17].
We investigated the association of marital status with
IHD incidence and mortality in a large prospective co-
hort of middle-aged women in the UK. We also exam-
ined the risk of IHD death in women after a first
hospital admission for IHD, and the extent to whichtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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plain any association between marital status and IHD
incidence or mortality.
Methods
Study design and participants
Between 1996 and 2001, 1.3 million women were re-
cruited to the Million Women Study via the UK national
breast screening program [18]. After an average of three
years, these women were resurveyed using a new postal
questionnaire, with a response rate of 65%. In the resur-
vey, participants were asked for the first time about their
marital status, and the date of the resurvey is, therefore,
the baseline study date for the current analysis. The
full study questionnaires are available at [19]. The re-
spondents gave written consent to participate and ethics
approval was provided by the Oxford and Anglia Multi-
Centre Research Ethics Committee. The follow-up is virtu-
ally complete for deaths, cancers and hospital admissions
because all participants are linked by their unique National
Health Service (NHS) identification number to NHS
Central Registers, through which they are followed for
death, emigration and cancer registration, and to the
NHS hospital admissions databases. Information on
the date of admission and discharge and diagnoses as-
sociated with each hospital admission, coded to the
World Health Organization’s International Classification of
Diseases 10th revision (ICD-10) [20], was obtained by elec-
tronic record linkage to the Hospital Episode Statistics for
England (HES) [21] and Scottish Morbidity Records in
Scotland [22].
Marital status and covariates
Marital status at baseline was assessed by asking “Are
you currently married or living with a partner?” Those
who replied “yes” are referred to as partnered and those
who did not are referred to as unpartnered. The unpart-
nered category thus includes women who were never
married, as well as women who were divorced, separated
or widowed. It is likely that the vast majority of the part-
nered category were married and that a large proportion
of the unpartnered category were divorced, separated or
widowed, since the General Household Survey for 2002
reported that 71% of women aged 55 to 64 years old
were married, 3% were cohabiting, 4% were single,
13% were divorced or separated and 9% were widowed
[23]. We compared marital status at baseline with
marital status reported at the next resurvey, an average
of 4.5 years (SD: 1.2 years) later, and found excellent
agreement: 94% of women partnered at baseline again re-
ported being partnered, and 94% of unpartnered women
again reported being unpartnered (kappa statistic for
agreement = 0.81). Therefore, we used marital status at
baseline in our analyses. We also compared marital statusat baseline with reports of how many people lived in their
household nine years later. Only 12% of women who
were partnered at baseline reported nine years later that
they were living alone compared to 79% of the unpart-
nered women.
Socio-economic status was measured at recruitment
and assessed using quintiles of the Townsend area
deprivation score [24] and two measures of education:
highest qualification (O levels, A levels, Nursing/Teaching,
College/University, none of the preceding categories) and
age at leaving school (left school before or at the compul-
sory school leaving age, left school after the compulsory
school leaving age, no schooling). This latter variable took
into account the change in the compulsory school leaving
age from 14 to 15 which occurred on 1 April 1947 in both
England [25] and Scotland [26].
The lifestyle risk factors assessed were cigarette smok-
ing (never, past, current <15 per day, current ≥15 per
day), alcohol intake (0, <7, 7 to 14, ≥15 drinks per week),
strenuous exercise (rarely or never, <once per week, ≥once
per week), body mass index (BMI) (<22.5, 22.5 to 24.9,
25.0 to 27.4, 27.5 to 29.9, ≥30 kg/m2), sleep duration (<7, 7,
8, ≥9 hours) and hormone replacement therapy use (never,
ever). These variables were recorded at baseline, except
strenuous exercise, which was recorded at recruitment.
Other factors assessed were two measures of well-
being: reported happiness at baseline (rarely/never,
sometimes, usually, most of the time) and treatment for
depression reported at recruitment or baseline (yes, no). In
addition, three measures which reflected social contact
were assessed: parity recorded at recruitment (nulliparous,
parous), current employment at baseline (not in paid work,
part-time, full-time) and participation in group activities,
such as religious group, voluntary work, art/craft class,
sports club, dancing group, music group, bingo, yoga and
other group activity, at baseline (none, one, two, three or
more group activities).
Ischemic heart disease
A first IHD event was defined as a first hospital admis-
sion for IHD or death with IHD as the underlying cause.
The definition of a hospital admission for IHD was any
mention of an IHD diagnosis (ICD-10: I20 to I25) in a
primary or other diagnosis field in the hospital record.
In a study of vascular disease outcomes in this cohort,
IHD information based on hospital records and general
practice records were consistent in 92% of 796 randomly
selected women with a hospital record of IHD [27]. IHD
mortality was defined as death with IHD as the under-
lying cause (ICD-10: I20 to I25) at any point during
follow-up, with or without a prior hospital admission.
First IHD events were also subdivided into: (i) death
from IHD with no prior hospital admission and (ii) first
hospital admission for IHD. The small number of women
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sion for IHD were classed as IHD deaths.
Analysis
A total of 866,334 women completed the baseline ques-
tionnaire. We excluded 74,693 (8.6%) women who re-
ported heart disease or stroke or had been admitted to a
hospital for these conditions, and 42,827 (4.9%) women
who had a cancer registration (except non-melanoma
skin cancer), prior to baseline. A further 14,188 (1.6%)
women were excluded for whom information on marital
status was missing. The remaining 734,626 women
formed the population at risk for these analyses.
We used Cox regression to estimate relative risks (RR)
and 95% confidence intervals (CI) of first IHD events
and IHD mortality. Relative risks were also estimated
separately for: IHD death without prior hospital ad-
mission; first IHD hospital admission; and IHD death
after hospital admission. Person-years were calculated
from baseline until the date of hospital admission for
IHD, death, emigration or end of follow-up, which-
ever came first. Women were followed until 31 March
2011 in England and 31 December 2008 in Scotland (7% of
women in analysis lived in Scotland), because complete
hospital admission data were not available after these
dates.
The regression models used attained age as the under-
lying time variable and were stratified by region of
residence at recruitment (Scotland, and nine regions
in England) and adjusted separately and simultan-
eously for three groups of covariates: (i) indicators of
socio-economic status, (ii) lifestyle risk factors and
(iii) other factors. Missing data for the adjustment vari-
ables (<2.1% for each variable) were assigned to a separ-
ate category. Heterogeneity in the associations between
marital status and first IHD events or IHD mortality by
sub-groups of age, region and socio-economic, lifestyle
and other factors, was assessed using a chi-squared con-
trast test [28].
For risk of IHD death after hospital admission for
IHD, person-years at risk were calculated from first hos-
pital admission for IHD to death, emigration or end of
follow-up. Any difference in risks of IHD death associ-
ated with marital status during the hospital stay and
after discharge was investigated by splitting the follow-
up period at 28 days after first hospital admission.
To assess the possibility of reverse causation, where
early symptoms of disease might affect the likelihood of
marriage breakdown [29], we conducted two sensitivity
analyses. In one sensitivity analysis, we excluded the first
five years of follow-up and, in the other, we restricted
the analysis to women who rated their health as “good”
or “excellent” at baseline. All analyses used Stata 12.1
(StataCorp., College Station, TX, USA).Results
At baseline, the mean age of the women was 59.7 years
(SD: 4.8 years); 81% reported being married or living
with a partner (partnered) (Table 1). The main differ-
ences between partnered and unpartnered women were
that partnered women were less likely to live in deprived
areas, to smoke, or to be physically inactive, but there
was little difference in mean BMI, and partnered women
had a slightly higher intake of alcohol (Table 1). Part-
nered women were also less likely to report that they
had been treated for depression or that they were rarely,
never or (only) sometimes happy. They were more likely
to be employed than unpartnered women but less likely
to report participation in group activities.
During an average follow-up of 8.8 years per woman,
there were 30,747 first IHD events (including 29,282
hospital admissions for IHD, and 1,465 deaths without
prior hospital admission) and, overall, 2,148 women died
of IHD (Table 1). With minimal adjustment for age and
region of recruitment only, partnered women had a
lower risk of a first IHD event and lower IHD mortality
than unpartnered women, but adjustment for lifestyle
risk factors, particularly smoking and area deprivation
attenuated the risk estimates (see Additional file 1:
Table S1). After adjustment for all socioeconomic, lifestyle
and other risk factors, partnered women had a similar risk
of a first IHD event as unpartnered women (adjusted
RR = 0.99, 95% CI 0.96 to 1.02) but had significantly
lower IHD mortality (adjusted RR = 0.72, 95% CI 0.66 to
0.80, P <0.0001) (Figure 1).
When first IHD events were subdivided into whether
the event was a hospital admission or a death, partnered
women had a similar risk of first hospital admission for
IHD as unpartnered women (adjusted RR = 1.01, 95% CI
0.98 to 1.04) but significantly lower risk of death from
IHD with no prior hospital admission (adjusted RR = 0.70,
95% CI 0.62 to 0.78, P <0.0001) (Table 2).
The findings did not differ materially by subgroups of
age, region or level of area deprivation, by lifestyle factors,
such as smoking, alcohol intake and body mass index, or
by measures of well-being, such as happiness and treat-
ment for depression (Figure 2). There was no evidence of
heterogeneity across subgroups of the remaining factors
(age left school, strenuous activity, sleep duration, HRT
use, parity, employment, participation in group activities),
except for weak evidence of a difference for first IHD
events by whether the women were in paid work or not;
this difference could have arisen by chance, due to
the large number of significance tests performed (see
Additional file 1: Figure S1). The risk estimates were not
materially changed when we excluded the first five years of
follow-up (see Additional file 1: Table S2) or when we re-
stricted the analysis to women who rated their health as
“good” or “excellent” (see Additional file 1: Table S3).
Table 1 Characteristics and details of follow-up for ischemic heart disease, by marital status
Marital status
Partnered Unpartnered All Women
Characteristicsa n = 594,675 (81%) n = 139,951 (19%) n = 734,626 (100%)
Mean age, years (SD) 59.5 (4.7) 60.8 (5.2) 59.7 (4.8)
Socio-economic factors:
Most deprived quintile,% 14.0 24.4 16.0
Left school≤minimum leaving age,% 48.4 47.0 48.1
No educational qualifications,% 49.0 46.3 48.5
Lifestyle factors:
Current smoker,% 11.1 17.1 12.2
Mean alcohol, drinks/week (SD) 4.7 (5.8) 3.7 (5.6) 4.5 (5.8)
Strenuous exercise rarely/never,% 43.0 45.5 43.5
Mean body mass index, kg/m2 (SD) 26.0 (4.4) 26.1 (4.9) 26.0 (4.5)
Never users of HRT,% 45.1 50.9 46.2
Mean number of hours asleep (SD) 7.3 (1.1) 7.2 (1.3) 7.3 (1.2)
Other factors:
Rarely/never/sometimes happy,% 15.2 23.7 16.8
Treatment for depression,% 9.1 14.9 10.2
Mean number of children (SD) 2.1 (1.1) 1.9 (1.4) 2.1 (1.2)
Not in work,% 52.9 56.1 53.5
No participation in group activities,% 36.4 32.8 35.7
Follow-up for IHD incidence and mortality (I20 to I25)
Mean years of follow-up (SD) 8.8 (1.9) 8.6 (2.0) 8.8 (1.9)
First IHD event, n 23,816 6,931 30,747
IHD deathsb, n 974 491 1,465
First hospital admissions for IHD, n 22,842 6,440 29,282
All IHD deaths, n 1,442 706 2,148
aPercentages were calculated based on women with complete information for that specific variable.
bIHD deaths without prior IHD hospital admission.
IHD, ischemic heart disease; HRT, hormone replacement therapy.
Floud et al. BMC Medicine Page 4 of 92014, 12:42
http://www.biomedcentral.com/1741-7015/12/42Among the 29,282 women who had a first hospital ad-
mission for IHD, the relationships between marital sta-
tus and socioeconomic, lifestyle and other characteristics
were similar to those found in the main sample (see
Additional file 1: Table S4). When their survival was ex-
amined over a mean follow-up period of 3.7 years per
woman, partnered women were less likely than unpart-
nered women to die from IHD after their first hospital
admission for IHD (adjusted RR = 0.72, 95% CI 0.60 to
0.85; n = 683) (Table 2). The lower risks for partnered
women were evident both in the first 28 days following a
hospital admission, and in later follow-up (respective ad-
justed RRs: 0.74, 95% CI 0.57 to 0.98, n = 350; and 0.69,
95% CI 0.54 to 0.89, n = 333). Among women who had a
first hospital admission for IHD, we examined use of
common medications for IHD, reported two years later
on average, and found little difference in the pattern of
use between partnered and unpartnered women (68% ofpartnered women reported using statins vs 68% of
unpartnered women; using diuretics 27% vs 27%; and
using beta-blockers 35% vs 33%).
Discussion
In this large prospective cohort of middle-aged UK
women, women who were married or living with a part-
ner had similar risks of a first IHD event as women who
were not married or living with a partner, after adjust-
ment for socio-economic, lifestyle and other risk factors.
In contrast, women who were married or living with a
partner were at lower risk of IHD mortality and this
lower risk remained after adjustment for the same fac-
tors, and was found in women both with and without a
prior hospital admission for IHD. Unlike previous stud-
ies, the large sample size of the Million Women Study
cohort allowed us to investigate whether the associa-
tions between marital status and IHD differed across
Figure 1 Relative risk of ischemic heart disease first event and mortality in relation to marital status. Relative risks (RRs) presented with
95% confidence intervals (95% CI). Fully adjusted for: age, region, area deprivation, age left school, highest educational qualification, smoking,
alcohol intake, strenuous exercise, body mass index, hormone replacement therapy use, sleep duration, happiness, treatment for depression,
parity, employment and participation in group activities. IHD, ischemic heart disease.
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other factors. After accounting for the multiplicity of
statistical tests, we found that there was little evi-
dence that the associations varied between subgroups
of these factors.
To our knowledge, this is the first study of women to
investigate the effect of marital status on both IHD inci-
dence and mortality within the same cohort, although
our finding of a lower risk for IHD mortality, but not
incidence, has also been reported in men [7,15]. The
previous evidence on incident IHD events in women in
relation to marital status is sparse. Two previous cohort
studies have examined the association between marital
status and incident IHD in women. A population-based
cohort study in Sweden with 507 incident IHD eventsTable 2 Relative risk of ischemic heart disease first event and





Population at risk (n) 734,626 734,626
Cases (n) 30,747 2,148
RR (95% CI) RR (95% CI
Adjusted for age and region only 0.88 (0.85 to 0.90) 0.55 (0.51 to 0
Additionally adjusted only for
socio-economic factorsa
0.91 (0.89 to 0.94) 0.59 (0.54 to 0
Additionally adjusted only for
lifestyle factorsb
0.96 (0.94 to 0.99) 0.68 (0.62 to 0
Additionally adjusted only for
other factorsc
0.88 (0.86 to 0.91) 0.56 (0.51 to 0
Adjusted for all the aboved 0.99 (0.96 to 1.02) 0.72 (0.66 to 0
aadjusted for age, region, area deprivation, age left school, highest educational qua
badjusted for age, region, smoking, alcohol intake, strenuous exercise, body mass in
cadjusted for age, region, happiness, treatment for depression, parity, employment,
dfully adjusted for age, region, area deprivation, age left school, highest educationa
hormone replacement therapy use, sleep duration, happiness, treatment for depres
CI, confidence interval; IHD, ischemic heart disease; RR, relative risk.reported no significant difference in risk by marital
status [16], but a recent register-based study in Finland,
with 7,193 IHD events, reported a lower risk for married
women, but did not adjust for socio-economic or lifestyle
risk factors [17].
In our study, the association between marital status
and incident IHD was attenuated after adjustment for
area deprivation and lifestyle risk factors, which suggests
that any influence of marital status on the development
of IHD may be confounded with or mediated through
these factors. Methodologically, it is difficult to distin-
guish between factors which may be confounders of the
association and those which may be mediators. Marital
status has been proposed to influence risk factors for
IHD in several ways. For example, spousal influences onmortality comparing partnered to unpartnered women
ty Subdivisions of first IHD event Survival








) RR (95% CI) RR (95% CI) RR (95% CI)
.61) 0.53 (0.47 to 0.59) 0.90 (0.88 to 0.93) 0.61 (0.52 to 0.72)
.65) 0.57 (0.51 to 0.64) 0.94 (0.91 to 0.96) 0.63 (0.54 to 0.75)
.74) 0.65 (0.58 to 0.72) 0.99 (0.96 to 1.02) 0.70 (0.59 to 0.82)
.62) 0.54 (0.49 to 0.61) 0.91 (0.88 to 0.93) 0.62 (0.53 to 0.74)
.80) 0.70 (0.62 to 0.78) 1.01 (0.98 to 1.04) 0.72 (0.60 to 0.85)
lification.
dex, hormone replacement therapy use, sleep duration.
participation in group activities.
l qualification, smoking, alcohol intake, strenuous exercise, body mass index,
sion, parity, employment, participation in group activities.
Figure 2 Relative risk of ischemic heart disease first event and mortality by marital status, in subgroups. Relative risks (RRs) presented
with 95% confidence intervals (95% CI). The dotted line represents the RR of IHD mortality for all women, comparing partnered to unpartnered.
RRs are adjusted as appropriate for age, region, area deprivation, age left school, highest educational qualification, smoking, alcohol intake,
strenuous exercise, body mass index, hormone replacement therapy use, sleep duration, happiness, treatment for depression, parity, employment
and participation in group activities. IHD, ischemic heart disease.
Floud et al. BMC Medicine Page 6 of 92014, 12:42
http://www.biomedcentral.com/1741-7015/12/42behavior may encourage healthier lifestyles [11,12], or
there may be negative changes in lifestyle after divorce
or separation [30,31]. However, people may choose part-
ners who share their behaviors and, therefore, marriage
or cohabitation may reinforce both beneficial and harm-
ful lifestyle choices. Area deprivation might act as an-
other mediator, given that getting married can enhance
one’s financial resources, whereas divorce or widowhood
can have the reverse effect [11]. It was not possible to
adjust further for individual-level measures of deprivation,
since information on household income was not collected.
Social support has also been proposed to mediate the asso-
ciation between marital status and health [13,14,32], but in
this study adjustment for variables which could indicate so-
cial interaction, including parity, participation in group ac-
tivities and employment, and measures of well-being, such
as reported happiness and treatment for depression, had
little effect on the risk estimates. However, we cannot
exclude possible roles of unmeasured aspects of socialsupport, such as the frequency of social contact or the
quality of social support.
There is little previous evidence on IHD mortality in
relation to marital status in women in the general popu-
lation. Being married has been associated with lower
risks of overall cardiovascular mortality in women
[3,8,33], but these associations could be driven by com-
mon vascular diseases other than IHD, such as stroke
and venous thromboembolism. There have been two co-
hort studies that have reported on mortality from IHD
but they included relatively few women and reported no
significant difference in risk between married and unmar-
ried women [6,8]. We found lower risks of IHD death in
partnered women with no prior hospital admission, con-
sistent with evidence that being married or cohabiting is
associated with lower risks of out-of-hospital sudden car-
diac arrest [34], pre-hospital deaths from myocardial in-
farction [17] and lower case fatality rates for first day of a
coronary event [16]. We also found lower risks of IHD
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for IHD. This fits with evidence from smaller patient
populations (of up to 1,500 patients) in which there were
higher risks of deaths following hospitalization for IHD
for non-married patients or those living alone [35-39],
although two larger studies (up to 16,000 patients) did
not find a higher risk of IHD death associated with living
alone [40,41].
The lower risk of IHD mortality for partnered women
in our study was only partly attenuated after all adjust-
ments, suggesting that marital status influences IHD
mortality in part by modifying a woman’s response to
the disease, although residual confounding cannot be
ruled out. In this cohort, unpartnered women tended to
live alone, so a possible explanation for the lower risk of
death among partnered women may be that they have
someone at home who can respond to symptoms and
help them seek appropriate treatment [9,42]. Spouses
have been shown to encourage their partners to comply
with effective medication regimes [43], facilitate attend-
ance at cardiac rehabilitation programs [10], and support
modification of lifestyle risk factors [30,44]. However,
the information available to us on medication use does
not support a greater level of compliance in partnered
women compared to unpartnered women. Spouses can
also provide emotional support to cope with the distress
of having had a cardiac event [14]. Another explan-
ation for the improved survival after hospital admission
among partnered women is that they may tend to have
less severe disease on admission to hospital, but we
were unable to assess this due to lack of data on disease
severity.
Marital status itself was relatively stable during follow-
up in this study, but we do not know if the women who
were unpartnered at baseline were never married, di-
vorced, separated or widowed, although the 2002
General Household Survey indicated that most would be
divorced, separated or widowed [23]. This unpartnered
category is therefore diverse and it could be that being di-
vorced or widowed rather than never married places
women at higher risk of IHD, but findings from previous
cohort studies show little consistency in the associations
between IHD mortality and the various non-married
states for women [8,16,45]. It is possible that healthy
women may be less likely to divorce [29]. However, we
were able to limit bias associated with this by excluding
women with pre-existing disease, and also through two
sensitivity analyses that showed no material change in
the adjusted risk estimates.
Conclusions
In this large UK cohort of middle-aged women, being
married or living with a partner does not appear to
affect the risk of developing IHD after adjustment forsocioeconomic, lifestyle and other factors. However,
there remains a substantial, unexplained lower risk of
death from IHD for women who are married or living
with a partner compared to women who are not.
Additional file
: Table S1. Relative risk of ischemic heart disease first
event and mortality comparing partnered to unpartnered women, with
separate adjustments for various characteristics. Figure S1. Relative risk of
ischemic heart disease first event and mortality comparing partnered to
unpartnered women, within further subgroups. Table S2. Relative risk of
ischemic heart disease first event and mortality comparing partnered to
unpartnered women, excluding first five years of follow-up. Table S3.
Relative risk of ischemic heart disease first event and mortality comparing
partnered to unpartnered women, restricted to women who rated their
health as “good” or “excellent” at baseline. Table S4. Characteristics and
details of follow-up for ischemic heart disease (IHD) mortality in the
subsample of women whose first event was a hospital admission for IHD, by
marital status.
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